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14. The method of claim 13, wherein selecting a wave- 
length comprises: 

generating a plurality of response curves using various 
wavelengths, polarizations, and/or incidence angles; 
and 

selecting a desirable wavelength, polarization, and/or 
incidence angle based on the generated response 
curves. 

15. The method of claim 12 further comprising: 
determining the intended asymmetric alignment between 

the first and second sets of gratings based on the 
generated set of diffraction signals and range of pos- 
sible alignments. 

16. The method of claim 12, wherein the set of diffraction 
signals are generated empirically. 

17. The method of claim 12, wherein the set of diffraction 
signals are generated using modeling. 

18. The method of claim 12 y wherein the determining the 
misalignment between the first and second sets of gratings 
comprises: 

comparing the measured diffraction signal to the gener- 
ated set of diffraction signals; and 

determining the possible misalignment that corresponds 
to the diffraction signal from the generated set of 25 
diffraction signals that matches the measured diffrac- 
tion signal. 

19. The method of claim 1, wherein the periodic grating 
includes: 
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26. The method of claim 25 further comprising: 
generating a calibration curve of the correspondence 

between the different possible alignments of the fust 
and second sets of gratings and the set of difference 
signals. 

27. The method of claim 25, wherein the determining the 
misalignment between the first and second sets of gratings 
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a first portion with the first and second sets of gratings 
having a first intended asymmetric alignment; and 

a second portion with the first and second sets of gratings 
having a second intended asymmetric alignment, 

wherein the first and second intended asymmetric align- 
ments are opposite in direction. 

20. The method of claim 19, wherein measuring a dif- 
fraction signal further comprises: 

measuring a first diffraction signal from the first portion of 

the periodic grating; and 
measuring a second diffraction signal from the second 

portion of the periodic grating. 

21. The method of claim 20 further comprising: 
computing a difference between the first and second 

diffraction signals. 

22. The method of claim 20, wherein the periodic grating 
includes: 

a third portion having only the first set of gratings; and 
a fourth portion having only the second set of gratings. 

23. The method of claim 22 further comprising: 
obtaining the geometry of the first set of gratings in the 

third portion of the periodic grating; and 
obtaining the geometry of the second set of gratings in the 
fourth portion of the periodic grating. 

24. The method of claim 23, wherein the geometry of the 
first and second sets of gratings is obtained using an optical 
metrology system. 

25. The method of claim 19 further comprising: 
generating a set of diffraction signals for a range of 

possible misalignments between the first and second 
sets of gratings; and 

generating a set of difference signals based on the gen- 
erated set of diffraction signals, 

wherein each difference signal in the set corresponds to 
the difference between two diffraction signals in the 
generated set of diffraction signals. 
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comparing the computed difference between the first and 
second difference signals to the generated set of dif- 
ference signals; and 
determining the possible misalignment that corresponds 
to the difference signal from the generated set of 
difference signals that matches the computed differ- 
ence. 

28. The method of claim 1, 

wherein the first and second sets of gratings include a 
plurality of ridges that repeat at a periodic interval, and 
wherein the ridges of the first and second sets of gratings 
alternate. 

29. The method of claim 28, 

wherein the ridges of the first and second sets of gratings 
include centerlines having a spacing between the cen- 
terlines of the ridges of the first and second sets of 
gratings, and 

wherein the first and second sets of gratings are sym- 
metrically aligned when the spacing between the cen- 
terlines is uniform and asymmetrically aligned when 
the spacing between the centerlines is non-uniform. 

30. The method of claim 29, wherein the intended asym- 
metric alignment includes an offset from symmetrical align- 
ment of the first and second sets of gratings. 

31. The method of claim 30, wherein the offset is about a 
35 quarter of the periodic interval of the first and second sets of 

gratings. 

32. The method of claim 1, 

wherein the first and second sets of gratings include a 
plurality of ridges that repeat at a periodic interval, and 
wherein the ridges of the second set of gratings are formed 
on the ridges of the first set of gratings. 

33. The method of claim 32, 

wherein the ridges of the first and second sets of gratings 

include centerlines, and 
wherein the first and second sets of gratings are sym- 
metrically aligned when the centerlines of the ridges of 
the first and second sets of gratings are aligned and 
asymmetrically aligned when the centerlines are not 
aligned. 

34. The method of claim 33, wherein the intended asym- 
metric alignment includes an offset from symmetrical align- 
ment of the first and second sets of gratings. 

35. The method of claim 34, wherein the ridges of the 
second set of gratings includes a Hnewidth, and wherein the 
offset is about a quarter of the linewtdth of the ridges of the 
second set of gratings. 

36. The method of claim 1, wherein forming a periodic 
grating on the wafer comprises: 

forming a periodic grating in a first metrology field on the 
wafer; 

forming a periodic grating in a second metrology field on 
the wafer, 

wherein the first and second metrology fields are sepa- 

rated by a distance on the wafer; 
obtaining overlay measurements from the first and second 
metrology fields; and 



40 



50 



55 



60 



65 



www . FreePatentsOnl ine . com 



PACE 2/6 * RCVD AT 8/2/2005 9:58:33 PM [Eastern Daylight Time] * 8VR:U8PTO-EFXRF-6/25 * DNI8:2738300 * C8ID:41 569301 94 * DURATION (mnvss):04-32 



02-Aug-2005 07:01pm Froni-PARSONS HSUE & 0E RUNTZ LLP 



4156930194 



T-742 P. 003/006 



F-311 



19 



US 6,772,084 B2 



10 



15 



25 



computing a tilt error are based on the obtained overlay 
measurements. 

37. The method of claim 36, wherein the tilt error arc is 
computed as the difference between the overlay, measure- 
ments divided by the distance between the first and second 
metrology fields. 

38. A method of obtaining overlay measurements for a 
semiconductor wafer using a periodic grating, the method 
comprising: 

forming a first set of gratings of the periodic grating on the 
wafer, 

forming a second set of gratings of the periodic grating on 
the wafer, 

wherein the first and second sets of gratings are formed 
using separate masks, and 

wherein the second set of gratings are intended to be 
formed on the wafer with an intended asymmetrical 
alignment from the first set of gratings when the 
separate masks are in alignment; 

generating a set of diffraction signals at a selected wave- 
length for a range of possible misalignments between 
the first and second sets of gratings, 

wherein each of the diffraction signal in the generated set 
of dim-action signals corresponds to a possible mis- 
alignment between the first and second sets of gratings; 

measuring a diffraction signal of the first and second sets 
of gratings after the first and second sets of gratings are 
formed on the wafer, 

wherein the diffraction signal is measured using the 
selected wavelength; and 

determining a misalignment between the first and second 
sets of gratings based on the measured diffraction 
signal and the generated set of diffraction signals. 

39. The method of claim 3ft, wherein the determining the 
misalignment between the first and second sets of gratings 
comprises: 

comparing the measured diffraction signal to the gener- 
ated set of diffraction signals; and 

determining the possible misalignment that corresponds 
to the diffraction signal from the generated set of 
diffraction signals that matches the measured diffrac- 
tion signal. 

40. The method of claim 39 further comprising: 
determining a misalignment between the first and second 

masks based on the determined misalignment between 
the first and second sets of gratings, 

41. The method of claim 40, wherein the amount and 
direction of misalignment of the first and second masks 
corresponds to the amount and direclion of misalignment of 30 
the first and second sets of gratings. 

42. The method of claim 38, wherein the intended asym- 
metric alignment between the first and second sets of 
gratings is selected based on the generated set of diffraction 
signals and range of possible misalignments, 

43. The method of claim 38, wherein the measured 
diffraction signal is a 2ero-order diffraction. 

44. The method of claim 38 further comprising: 
generating a plurality of sets of diffraction signals at 

various wavelengths, polarizations, and/or incidence 
angles. 

45. The method of claim 44 further comprising: 
selecting a desirable wavelength, polarization, and/or 

incidence angle based on the generated sets of diffrac- 
tion signals. 

46. The method of claim 38, wherein forming a first set of 
gratings and forming a second set of gratings comprise: 
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forming a first portion of the periodic grating having the 
first and second sets of gratings at a first intended 
asymmetric alignment; 
forming a second portion of the periodic grating having 
the first and second sets of gratings at a second intended 
asymmetric alignment, 
wherein the first and second intended asymmetric align- 
ments are opposite in direction. 

47. The method of claim 46, wherein measuring a dif- 
fraction signal further comprises: 

measuring a first diffraction signal from the first portion of 

the periodic grating; 
measuring a second diffraction signal from the second 

portion of the periodic. grating; and 
computing a difference signal based on the difference 
between the measured first and second diffraction sig- 
nals. 

48. The method of claim 47 further comprising: 
generating a set of difference signals based on the gen- 
erated set of diffraction signals; 

comparing the computed difference signal to the gener- 
ated set of difference signals; and 
determining the alignment that corresponds to the differ- 
ence signal from the generated set of difference signals 
that matches the computed difference signal. 

49. The method of claim 48 further comprising: 
forming a third portion of the period grating having only 

the first set of gratings; and 
forming a fourth portion of the periodic grating having 

only the second set of gratings; 
obtaining the geometry of the first set of gratings in the 

third portion of the periodic grating; and 
obtaining the geometry of the second set of gratings in the 
fourth portion of the periodic grating. 

50. The method of claim 48, wherein the generated set of 
diffraction signals are generated based on the obtained 

40 geometry of the first and second sets of gratings. 

51. The method of claim 48, wherein obtaining the 
geometry of the first set of gratings and the second set of 
gratings comprises: 

comparing the measured diffraction signals to a library of 
simulated-diffraction signals, each simulated- 
diffraction signal having an associated theoretical 
geometry. 

52. The method of claim 38, 

wherein the first and second sets of gratings include a 
plurality of ridges that alternate with a spacing between 
the ridges, 

wherein the first and second sets of gratings are sym- 
metrically aligned when the spacing between the ridges 
of the first and second sets of gratings is uniform and 
asymmetrically aligned when the spacing is non- 
uniform. 

53. The method of claim 38, 

wherein the first and second sets of gratings include a 

plurality of ridges with centerlines, 
wherein the ridges of the second set of gratings are formed 

on the ridges of the first set of gratings, and 
wherein the first and second sets of gratings are sym- 
metrically aligned when the centerlines of the ridges of 
the first and second sets of gratings arc aligned and 
asymmetrically aligned when the centerlines are not 
aligned. 
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54. The method of claim 38 further comprising: 

forming a periodic grating in a first metrology field on the 
wafer; 

forming a periodic grating in a second metrology field on 
the wafer separated by a distance from the first metrol- 
ogy field; 

obtaining overlay measurements from the first and second 
metrology fields; and 

determining a nit error arc by dividing the difference 
between the overlay measurements by the distance 
between the first and second metrology fields. 

55. A method of obtaining overlay measurements for a 
semiconductor wafer using a periodic grating formed on the 
wafer, the method comprising: 

obtaining the wafer, wherein the period grating on the 
wafer comprises: 

a first set of grating that were formed on the wafer using 
a first mask, 

a second set of gratings that were formed on the wafer 20 
using a second mask, 

wherein the first and second sets of gratings were intended 
to be formed on the wafer with an asymmetric align- 
ment when the first mask and second mask are in 
alignment; 

generating a set of diffraction signals at a selected wave- 
length for a plurality of possible misalignments 
between the first and second sets of gratings; 

measuring a diffraction signal of the first and second sets 
of gratings from the obtained wafer, 

wherein the diffraction signal is measured using die 
selected wavelength, and 

wherein the measured diffraction signal is a zero-order 
diffraction; 

comparing the measured diffraction signal to the gener- 
ated set of diffraction signals; and 

determining an amount and direction of misalignment 
between the first and second sets of gratings on the 
obtained wafer based on the possible alignment that 
corresponds to the diffraction signal from the set of 
diffraction signals that matches the measured diffrac- 
tion signal 

56. The method of claim 55 further comprising: 
determining an amount and direction of misalignment 

between the first and second masks based on the 
determined amount and direction of misalignment 
between the first and second sets of gratings. 

57. The method of claim 33, 

wherein the periodic grating on the wafer further com- 
prises: 

a first periodic grating oriented for obtaining overlay 
measurements in a first coordinate direction, and 

a second periodic grating oriented for obtaining overlay 
measurements in a second coordinate direction; and 

wherein measuring a diffraction signal further comprises: 

measuring a first diffraction signal from the first periodic 
grating, and 

measuring a second diffraction signal from the second 
periodic grating without rotating the wafer. 

58. The method of claim 57, wherein the measured 
diffraction signals and the generated diffraction signals have 
amplitude ratios, and wherein the amplitude ratios of the 03 
measured diffraction signals are compared with the ampli- 
tude ratios of the generated diffraction signals. 
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59. The method of claim 57, wherein the first periodic 
grating comprises a plurality of ridges oriented at about 45 
degrees, and wherein the second periodic grating is a mirror- 
image of the first periodic grating. 

60. The method of claim 57, wherein Ibe diffraction 
signals are measured using an oblique and conical incident 
signal. 

61. The method of claim 57, wherein the diffraction 
signals are measured using an incident signal with an 
azimutbal angle of about 45 degrees. 

62. The method of claim 35, wherein the diffraction signal 
is measured using a normal incidence angle. 

63. The method of claim 55, wherein the diffraction signal 
is measured using an oblique incidence angle with an 

is azimuthal angle of zero degrees. 

64. The method of claim 55, wherein the periodic grating 
comprises: 

a first portion with the first and second sets of grating 

having a first asymmetric alignment; and 
a second portion with the first and second sets of grating 

having a second asymmetric alignment, 
wherein the first and second asymmetric alignments are 
opposite in direction. 

65. The method of claim 64, wherein measuring a dif- 
fraction signal further comprises: 

generating differences between pairs of diffraction signals 

from the generated set of diffraction signals, 
wherein a pair of diffraction signals for each generated 
difference correspond to two different possible mis- 
alignments of the first and second sets of gratings; 
measuring a first diffraction signal from the first portion of 

the periodic grating; 
measuring a second diffraction signal from the second 

portion of the periodic grating; 
computing a difference between the measured first and 

second diffraction signals; and 
comparing the computed difference with the generated 
differences. 

66. Hie method of claim 64, 
wherein the periodic grating further comprises: 
a third portion having only the first set of gratings, and 
a fourth portion having only the second set of gratings; 
obtaining the geometry of the first set of gratings in the 

third portion of the periodic grating; and 
obtaining the geometry of the second set of gratings in the 

fourth portion of the periodic grating, 
wherein the geometry of the first set of gratings and the 
second set of gratings arc obtained by comparing the 
measured diffraction signals to a library of simulated* 
diffraction signals, each simulated-diffraction signal 
having an associated theoretical geometry. 

67. The method of claim 55 further comprising: 
a first metrology field on the wafer; 
a second metrology field on the wafer separated by a 

distance from the first metrology field; 
obtaining overlay measurements from the first and second 

metrology fields; and 
determining a lilt error are by dividing the difference 
between the overlay measurements by the distance 
between the first and second metrology fields. 

68. The method of claim 55, 

wherein the first and second sets of gratings include a 
plurality of ridges that alternate with a spacing between 

the ridges, 



30 



35 



40 



45 



50 



55 



60 



www.FreePatentsOnline.com 



PAGE 4/5 • RCVD AT 8/2/2005 9:58:33 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/25 ■ DNIS:2738300 * CSID:4156930194 * DURATION <rnm-ss): 04-32 



Q2-Aug-2005 07:02pm Frora-PARSONS HSUE 6 DE RUNTZ LLP 



4156930194 



T-742 P. 005/006 F- 



23 



US 6,772,084 B2 



25 



30 



wherein the first and second sets of gratings are sym- 
metrically aligned when the spacing between the ridges 
of tho first and second sets of gratings is uniform and 
asymmetrically aligned when the spacing is non- 
uniform. 

69. The method of claim 55, 

wherein the first and second sets of gratings include a 
plurality of ridges with centerlines, 

wherein the ridges of the second set of gratings are formed 
on the ridges of the first set of gratings, and 

wherein the first and second sets of gratings are sym- 
metrically aligned when the cenlerlines of the ridges of 
the first and second sets of gratings are aligned and 
asymmetrically aligned when the cenlerlines are not 
aligned. 

70. A system to obtain overlay measurements of a semi- 
conductor wafer, the system comprising: 

a periodic grating formed on the wafer comprising: 
a first set of gratings formed using a first mask, 
a second set of gratings formed using a second mask, 20 
and 

wherein the first and second sets of gratings are 
intended to be formed with an asymmetric alignment 
when the first mask and second mask are in align- 
ment; and 

an optical metrology system comprising: 
a detector configured to measure a diffraction signal 

from the first and second sets of gratings using a 

selected wavelength, and 
a signal processing unit configured to determine a 

misalignment between the first and second sets of 

gratings based on the measured diffraction signal. 

71. The system of claim 70, wherein the signal processing 
unit is configured to compare the measured diffraction signal 
to a set of difiraction signals generated for a plurality of 35 
possible alignments between the first and second sets of 
gratings. 

72. The system of claim 70, wherein the periodic grating 
further comprises: 

a first periodic grating oriented in a first coordinate 
direction; and 

a second periodic grating oriented in a second coordinate 
direction, 

wherein overlay measurements can be obtained in the first 
and second coordinate directions using the first and 
second periodic gratings without rotating the wafer. 

73. The system of claim 72, wherein the first periodic 
grating comprises a plurality of ridges oriented at about 45 
degrees, and wherein the second periodic grating is a mirror- 
image of the first periodic grating. 

74. The system of claim 72, wherein the optical metrology 
system comprises: 

a source configured to produce an oblique and conical 
incident signal 

75. The system of claim 70, wherein the optical metrology 
system comprises: 

a source configured to produce a normal incident signal. 

76. The system of claim 70, wherein the optical metrology 
system comprises: 

a source configured to produce an incident signal having 
an oblique incidence angle and an azimuth al angle of 
zero degrees. 

77. The system of claim 70, wherein the periodic grating 
comprises.* 

a first portion with the first and second sets of gratings 
having a first asymmetric alignment, and 
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a second portion with the first and second sets of gratings 
having a second asymmetric alignment. 

78. The system of claim 77, 

wherein the detector is configured to measure a first 
5 diffraction signal from the first portion of the period 
grating and a second diffraction signal from the second 
portion of the periodic grating, and 
wherein the signal processor is configured to determine 
the amount and direction of misalignment between the 
io first and second masks used to form the first and second 
sets of gratings based on the measured first and second 
diffraction signals. 

79. Hie system of claim 78, wherein the signal processor 
is configured to determine the alignment of ihe first and 

15 second sets of gratings by comparing the difference between 
the measured first and second diffraction signals to a sel of 
difference signals generated for a plurality of possible mis* 
alignments between the first and second sets of gratings. 

80. The system of claim 78, wherein the periodic grating 
further comprises: 

a third portion having only the first set of gratings; and 
a fourth portion having only the second set of gratings. 

81. The system of claim 80, wherein the optical metrology 
system comprises: 

a library of simulated-diffraction signals having a set of 
theoretical geometry of the first and second sets of 
gratings; 

wherein the detector is configured to measure a diffraction 
signal from the third portion and a diffraction signal 
from the fourth portion; and 
wherein the signal processing unit is configured to com- 
pare the measured diffraction signal to the simulated- 
diffraction signals to determine the geometry of the first 
and second sets of gratings. 

82. The system of claim 70 further comprising: 
a first metrology field on the wafer; 
a second metrology field on the wafer separated by a 

distance from the first metrology field; 
wherein the optical metrology system is configured to 
obtain overlay measurements from the first and second 
metrology fields and determine a alt error are by 
dividing the difference between the overlay measure- 
ments by the distance between the first and second 
metrology fields. 

83. The system of claim 70, wherein the first and second 
sets of gratings include a plurality of ridges that alternate 
with a spacing between the ridges; and wherein the first and 
second sets of gratings are symmetrically aligned when the 
spacing between the ridges of the first and second sets of 
gratings is uniform and asymmetrically aligned when the 
spacing is non-uniform. 

84. The system of claim 70, wherein the first and second 
sets of gratings include a plurality of ridges with cenlerlines; 

55 wherein the ridges of the second set of gratings are formed 
on the ridges of the first set of gratings; and wherein the first 
and second sets of gratings are symmetrically aligned when 
the centerlines of the ridges of the first and second sets of 
gratings are aligned and asymmetrically aligned when the 
centerlines are not aligned. 

85. A computer-readable storage medium containing com- 
puter executable instructions for causing a computer to 
obtain overlay measurements for a semiconductor wafer, 
comprising instructions for: 

measuring n diffraction signal at a selected wavelength of 
a first set of grating and a second set of gratings of a 

periodic grating formed on the wafer, wherein 
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the first set of gratings were formed using a first mask, 
the second set of gratings were formed using a second 
mask, and 

wherein the first and second sets of gratings were intended 
to be formed on the wafer with an asymmetric align- 5 
ment when the first mask and second mask are in 
alignment; 

generating a set of diffraction signals at the selected 
wavelength for a plurality of possible misalignments 
between the first and second sets of gratings; 1 

determining a misalignment of the first and second sets of 
gratings formed on the wafer based on the measured 
diffraction signal and the generated set of diffraction 
signals; and 15 

determining the amount and direction of misalignment 
between the first and second masks based on the 
determined misalignment of the first and second sets of 
gratings formed on the wafer. 

86\ The computer-readable storage medium of claim 85, 20 
further comprising instructions for: 

generating differences between pairs of diffraction signals 
from the generated set of diffraction signals, 

wherein a pair of diffraction signals for each generated 
difference corresponds to two different possible mis- 25 
alignments of the first and second sets of gratings; 

measuring a first diffraction signal from a first portion of 
the periodic grating, 

wherein the first and second sets of gratings in the first 30 
portion have a first asymrnetric alignment; 

measuring a second diffraction signal from a second 
portion of the periodic grating, 

wherein the first and second sets of gratings in the second 
portion have a second asymmetric alignment; 3 * 

computing a difference between the measured first and 
second diffraction signals; and 

comparing the computed difference with tbo generated 
differences. 4Q 

87. The computer-readable storage medium of claim 85, 
further comprising instructions for: 

obtaining the geometry of the first set of gratings; and 

obtaining the geometry of the second set of gratings, 
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wherein the generated set of diffraction signals is gener- 
ated based on the obtained geometry of the first and 
second sets of gratings. 

88. The computer-readable storage medium of claim 87, 
further comprising instructions for: 

measuring diffraction signals of the first set of gratings; 
measuring diffraction signals of the second set of gratings; 
and 

comparing the measured diffraction signals to a library of 
simulated-diffraction signals having a set of theoretical 
geometry of the first and second sets of gratings. 

89. The computer-readable storage medium of claim 88, 
wherein the diffraction signals of the first set of gratings are 
measured from a third portion of the grating having only the 
first set of gratings, and the diffraction signals of the second 
set of gratings are measured from a fourth portion of the 
grating having only the second set of gratings. 

90. The computer-readable storage medium of claim 85, 
further comprising instructions for: 

obtaining overlay measurements from a first metrology 
field on the wafer; 

obtaining overlay measurements from a second metrology 
field on the wafer, wherein the first and second metrol- 
ogy fields are separated by a distance; and 

determining a tilt error are by dividing the difference in 
the obtained overlay measurements from the first and 
second metrology fields by the distance between the 
first and second metrology fields. 

91. The computer-readable storage medium of claim 85, 
further comprising instructions for: 

measuring a first diffraction signal from a first periodic 
grating; 

determining the amount and direction of misalignment 
between the first and second mask in a first coordinate 
direction using the first measured diffraction signal; 

measuring a second diffraction signal from a second 
periodic grating without rotating the wafer; and 

determining the amount and direction of misalignment 
between the first and second mask in a second coordi- 
nate direction using the second measured diffraction 
signal. 
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